Current natural conditions as well as human activities have been promoting changes and increasing stress in the freshwater and marine environment. One of the consequences is the worldwide occurrence of cyanobacterial (blue-green algae) blooms, which is considered a serious environmental and economic problem (ARAOZ, et al 2005) . Risk assessment of cyanotoxins is made more difficult by the lack of scientifically-sound toxicological and epidemiological studies. The available animal data is limited, principally chronic or long term effects. The lack of data is reflected in the fact that a WHO guideline has been agreed only for one group of cyanotoxins (microcystins) . Until now, there has been paid little attention to the assessment of risk to drinking water consumers of anatoxin-a, mainly because the suspicion of the rapid excretion of this toxin from the body, no evidence of residual effects and low free-water concentrations in lakes (FALCONER and HUMEPAGE, 2005). Therefore, the aim of this work is to accomplish the risk assessment of anatoxin-a, by approaching three main steps of this process: hazard identification and characterization, exposure assessment, and risk characterization, since the presence of Anabaena sp. blooms capable to produce anatoxin-a are common in São Paulo reservoirs, mainly in spring and summer seasons. Additionally, previous data has shown that this toxin can be found in other Brazilian freshwater reservoirs.
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Stability: Anatoxin-a is instable under natural conditions of sunlight and alkaline medium. First order decay kinetics of anatoxin-a in sunlight is both pH and light intensity dependent . In the solutions examined by Stevens and Krieger, which represented expected biological conditions, the half-life of anatoxin-a was on the order of 1-2 hr. However, in the absence of sunlight and even in the presence of metal ions the half-live is on the order of several days. Depending on environmental conditions, it may be partially or totally 330 min at pH 9; 270 min at pH 12 10 days at pH 9 5 days at pH 9 3.8 days at pH 9
Anatoxin-a in algae lysate
min at pH 9 --------------------
Source: Osswald et al. 2007 3. KINETIC AND METABOLISM DATA Because of the difficulties to obtain enough quantities of standards, there is a lack of toxicokinetic information of several cyanotoxins, principally the neurotoxins as anatoxin-a.
Currently, there are known routes of exposure of anatoxin-a for animals such as oral, dermal and respiratory tract, while for the man intravenous exposure during hemodialysis may be added (OSSWALD et al. 2007) . The most of the published studies about anatoxin-a's toxicology have been done using the intraperitoneal route in rodents, maybe because the lower dose necessary to produce the characteristic effects.
Researchers supervised by Carmichael and Stolerman observed that anatoxin-a is rapidly absorbed after oral administration, afterwards, it may reach the brain, which possibly contributes to its rapid lethal effects (CARMICHAEL et al. 1977; STOLERMAN et al. 1992) . One aspect that must be considered is the differences of sensitivity to the toxin among different animals, particularly avian species. Carmichael and Biggs (1978) observed a higher resistance to anatoxin-a of the ringnecked pheasant than the Mallard duck. These differences in the same taxonomic group should be carefully considered especially in environmental risk evaluation of anatoxin-a. 
General toxicity
Anatoxin-a´s target is the cholinergic synapse, specially the places where nicotinic receptors are in abundance. It acts as a potent postsynaptic depolarizing neuromuscular blocking agent. Anatoxin-a binds to the nicotinic acetylcholine receptor at the neuromuscular junction, causes persistent stimulation and consequently a block on further electrical transmission. At enough high doses it may lead to paralysis, asphyxiation and death (CARMICHAEL et al. 1975) . Death is often preceded by leaping movements in smaller laboratory animals, while in field cases collapse and sudden death is observed in larger animals (CARMICHAEL, 2001 ). According to Alkondon and Alburquerque (1995) anatoxin-a is more potent than nicotine or acetylcholine in evoking type 1A or type 2 current responses in rats neurons. Besides, it may evoke the secretion of endogenous catecholamines in bovines (MOLLOY et al. 1995) .
Toxicity studies in animals
4.1. Acute toxicity 4.1.1. Acute toxicity-Oral studies
The oral anatoxin-a's LD 50 values in many species range from 1 to 10 mg/kg bw with a latent period after administration followed by symptoms of intoxication such as twitching, gasping, convulsions and death. In mice it was observed a LD 50 greater than 5000 µg/kg bw (ASTRACHAN et al. 1980) . As well, Fawell and collaborators (1999) observed mice recovered rapidly and completely at a single sub lethal i.v. dose. Anatoxin-a hydrochloride was administered in groups of 10 male and female mice by gavage at dose levels of 0, 120, 600 or 3000 µg/kg bw for four weeks. During the experiment, one male receiving 600 µg/kg bw per day and one female receiving 3000 µg/kg bw per day died. There were no signs of clinical toxicity or histopathological abnormalities in those animals, and no cause of death could be identified. The authors concluded that those deaths may not be excluded as treatment-related, although this was considered to be unlikely. There were no other treatment-related findings. 
Acute toxicity-Intraperitoneal studies

Genotoxicity and mutagenicity
Currently, no data on genotoxic neither mutagenic potential of anatoxin-a are available.
In vitro studies
Lakshmana et al. (2002) splenocytes viability dropped to 57%. Afterwards, anatoxin-a showed cytotoxic effects on both lymphocyte subpopulations (T and B), apparently this action appears to be nonselective and non-specific.
Effects on humans
No data about effects of anatoxin-a in humans are available.
EXPOSURE
Annual or even permanent blooms of toxic cyanobacteria are becoming increasingly common in drinking water reservoirs. reported as anatoxin-a-produced death, after it was discovered that there was a misidentification with phenylalanine amino acid also present in the stomach content. That is why there is no official published report of the presence of anatoxin-a in humans. By contrast, anatoxin-a was confirmed in stomach content of two dogs (a Yorkshire terrier weighting 2,5 kg and a Dogue of Bordeaux weighting 25 kg) in France (GUGGER et al., 2005) . Both dogs showed similar clinical symptoms (vomiting, paralysis of the muscles of hind legs and respiratory failure) after drinking water from the La Loue River. Even so anatoxin-a stability in sunlight and acidic conditions is no far than 2-3 hours, the cited report demonstrated it was enough to produced the dogs death after eating decaying lumps of cyanobacteria on the lakeside (the smaller dog day immediately and the bigger one after 5 hours). From this cases, it may be concluded that anatoxin-a risk of exposure is principally from consumption of contaminated drinking and contact with the aerosol during recreational aquatic activities.
Because is too difficult to evaluate the population exposure to anatoxin-a worldwide, in this case we considered a specific population supplied by freshwater from one reservoir which has presented cyanobacteria, as for example, Billings reservoir in São Paulo-Brazil (Figure 2 ). We outlined a scenario during a bloom occurrence of toxic cyanobacteria. The Considering the worst case approach, at least 700 thousand people live around this reservoir. It is used as a freshwater supplier and for recreational purposes, therefore they may be exposed to anatoxin-a by oral and respiratory route. If at least 50% of the cyanobacteria cells reported in the São Paulo State Freshwater Quality Report were anatoxin-a-producers strains we may outline two situations.
Situation1.
This scenario is based on the oral exposure to anatoxin-a. There may be considered:
Body weight: 60 kg for adults and 15 kg for children (U.S. ENVIRONMENTAL PROTECTION AGENCY, 1997).
Volume of water drunk by day: approximately 2 L/day
Anatoxin-a concentration in water: Difficult to established. It will depend of environmental conditions. Nevertheless, we may consider the oral LD 50 of 350 µg/kg bw in rats.
Situation 2
This scenario is based on the respiratory exposure to anatoxin-a aerosol. They should be considered: body weight (60 kg for adults and 15 kg for children) * , respirable fraction (a respirable fraction of 34.4% for the particles with a diameter of 5 µm is expected)* and inhalation (inhalation rate for adults, considering the rest state, is 9330 cm 3 /min, corresponding to 0,56 m 3 /h)* (*EUROPEAN COMMISSION DG-ENVIRONMENT, 2002). The oral LD 50 is 2000 µg/kg bw in rats.
TOXICITY, HAZARD AND RISK ESTIMATION
Generally, hazard is understood as the propriety of a substance (or activity) to cause harm. Many substances are hazardous but will not necessarily lead to harm unless circumstances lead to human exposure. Still after exposure, an adverse health outcome is not necessarily certain, but rather probably. So, a hazard may be defined as an intrinsic propriety of a biological, chemical or physical agent to cause adverse health effects. Risk refers to a probability that exposure to a hazard will lead to a specific (adverse) health outcome and is usually expressed as a frequency in a given time . Hazard identification involves the identification of known or potential adverse health effects associated with a specific agent, based on studies conducted under specific conditions, such as the species tested and the experimental conditions. Epidemiological studies and animal toxicity studies are ordered as providing the greatest predictive information. Hazard characterization is the extrapolation phase of risk assessment pointed toward to make a predictive characterization of the hazard to humans based on animal studies (species extrapolation) under low exposure conditions (extrapolation from high to low dose). The endpoint of hazard characterization is the estimation of a "safe dose" such as a tolerable daily intake (TDI) or equivalent .
Critical toxicological data including more adequate and representative studies must be selected, this data presents NOAELs (Non Observable Adverse Effects Level) description and chosen critical endpoints, when is desire to establish a safe dose level for a specific product (BARNES & DOURSON, 1988) .
Even there are evidences of adverse health effects of anatoxin-a in animals around the world, the harm posed by anatoxin-a was not yet translated into any official guideline value. By other side, exposure and effects of this cyanotoxin have not been fully determined in humans or aquatic biota; consequently, no risk evaluation could be done (OSSWALD, 2007) .
A NOAEL of 98 µg/Kg and a value of 1 µg/l of anatoxin-a in drinking water were suggested by Fawell and collaborators (FAWELL et al. 1999) . They treated mice orally with doses of 0.98, 0.49, or 2.46 mg/kg bw of anatoxin-a per day. The dose of 2.46 mg/kg bw of anatoxin-a was chosen as the maximum tolerate dose (MTD) and was administrated to the animals by 28 days. As the proper authors mentioned, the true NOAEL for this study may have been 2,46 mg/kg bw of anatoxin-a, but the inability to determine the cause of death for two animals of the top dose groups means that a relationship with treatment can not be ruled out. In terms of risk assessment, they calculated for a 10 kg child drinking one liter per day, this exposure would not be achieved unless the concentration of anatoxin-a were to reach or exceed 0.98 mg/l. For the researchers the 1 µg/l value would provide a significant margin of safety of around three orders of magnitude with regard to drinking water.
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So the calculus would be:
From this value a possible Guideline Value (also named Reference dose and the maximum acceptable concentration) may be calculated using the standard bodyweight of 60 kg and a standard water consumption of 2 l/day (FALCONER and HUMPAGE, 2005 ).
This calculated GV may not be used as an official GV yet because of the lack of sub chronic toxicity data in other type of animals (besides rodents) as supporting data.
The New Zealand Ministry of Health was less restrictive and calculated and proposed a Maximum Acceptable Value (MAV) of 6 µg/l for anatoxin-a in drinking water. This MAV value is calculated on the basis of protection to avoid adverse health effects from chronic exposures (MINISTRY OF HEALTH OF NEW ZEALAND, 2005).
As well, domestic and farm animals intoxications may also be considered. The first concern about possible intoxication of domestic animals by anatoxin-a was reported by Gorham and collaborators (GORHAM et al. 1964 ). Since then, there have been reported many fatalities related to anatoxin-a (SMITH 1986 , GUGGER et al. 2005 , BALLOT et al. 2005 .
Any organism in contact with water, algae or food contaminated with anatoxin-a, may be intoxicated. In fact, it may be take in count for any organism aquatic or not, which is directly or indirectly in contact with contaminated water (OSSWALD et al. 2007 ). For example, according Osswald et al. (2007b) swimming of juvenile carps placed in aquarium contaminated with extracts of anatoxin-a was altered. Currently, there are no studies determining transference or bioamplification of anatoxin-a through food chain.
Considering the high toxicity of anatoxin-a to humans and vertebrates, as well the potential harm to ecosystem, the presence of cyanobacteria should always be considered a health hazard (OSWALD et al., 2007) . Nevertheless, the WHO proposed a managerial response model presented as a "decision tree" (ANNEX 1) which may be considered as a general framework taking in count the local conditions.
RISK EVALUATION
There are two areas in which more data is necessary to make a clear case for national action on minimizing health risk from cyanobacterial toxins. The first one is the need for spread the monitoring of the presence of toxic cyanobacterial species and toxins in drinking water sources, in order to identify the abundance of locations of potential risk. The second and more difficult aspect is the need for epidemiological studies on at-risk populations to quantify the adverse health effects. Exposure biomarkers will have to be developed, in addition to quantifying the concentrations in tap water (FALCONER AND HUMPAGE, 2005) .
Despite some studies and organizations have tried to establish a NOAEL value, data has been considered insufficient for derivation of a TDI (Total Daily Intake).
As presented in the item 5, where it was described two possible scenarios, there is a real exposure risk to anatoxin-a, not only by oral route but also by inhalation of aerosol containing anatoxin-a. However, there is no enough toxicological data to do a complete risk evaluation. Even so, is it possible to suppose that because of the high toxicity of anatoxin-a, even if the exposure were very low, the risk will be at least low or medium. 
CONCLUSION
In the present study, it was tried to present a risk assessment of anatoxin-a taking in count the presence of a sort of cyanobacteria strains present in the São Paulo freshwater reservoirs, which may be potential anatoxin-a-producers, it was no possible establish specifically how big or small the risk is with reliability. The GV values of 3 μg/l and 1 μg/l of anatoxin-a in drinking water for adults and children, respectively, were calculated according the few available data. Environmental pollutants, as anatoxin-a, whose production rate is not completely elucidated, because of the unawareness of the specific environmental conditions that increase or decrease its production make the scenarios more confusing and difficult to evaluate. Even that, it is no less important to continue trying further evaluation, cause cyanobacterial populations and hence toxic risks are likely to rise in the immediate future.
